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Cavity control



Review of PDH sensing
The Pound-Drever Hall technique adds sidebands to the laser to measure the 
frequency offset between a laser and a cavity  

Eric D. Black - An introduction to 
Pound–Drever–Hall laser frequency 

stabilization

PDH error signal



Piezo actuation

-To match the frequency of 4 cavities to 1 laser, we must control the cavity lengths 
rather than the laser frequency



System identification of a Cavity

A swept sin is injected to drive 
the piezo and the response of 
the error signal is measured.



Full system model and noise sources
Environmental noise

Measurement noise

cavity

controller



Controller synthesis

Analog PID
Digital PID - Moku 

laser lock box



Controller Synthesis

- increased performance 
from high order controllers 
designed with love
- robust and optimal 
control theory can 
automate this design



Controller design: GQuEST specifications

GQuEST Controller Hardware
- alignment of all 4 
cavities to within a 
fraction of their 
bandwidth
- seismic noise, 
acoustic noise
- laser frequency 
noise 

- noise rejection
- open loop unity 
gain frequency

- sample rate
- input to output delay
- digital quantization  
noise 
- filter complexity 



Controller implementation - FPGA 
Digital implementation is flexible

FPGAs are fast (high sample rate, low 
delay)

Developed by Chris Stoughton and 
Javier Contreras

AMD/Xilinx Artix 7 FPGA with 
Logic-X ADC/DAC board
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Mr. Brightside

https://mccullerlab.com/logs/lab/index.php?callRep=11703






● Seed Laser and Amplifier
● Central Vessel - Holds main beamsplitter for 

IFO
● Output Filter Cavities
● Laser Filter Cavity
● SHG and AOM sled


